W
ounds that fail to heal become more than mere skin lesions. Pain, malodor, and the accompanying psychological distress often complicate nonhealing wounds and impair quality of life. 1 Management of malodor requires perseverance, sensitivity, and familiarity with tools and procedures that range from surgical debridement to medical-grade honey.
Chronic, nonhealing wounds are defined as persisting for more than 6 months. 2 These lesions are incapable of undergoing anatomic and functional repair on their own. Commonly encountered nonhealing wounds include pressure ulcers, venous stasis ulcers, arterial insufficiency ulcers, and malignant cutaneous wounds.
Typically, the patient with a nonhealing wound is frail, debilitated, medically complex, and often faced with one or more life-limiting illnesses. Complete wound healing may therefore be unrealistic, and optimal wound management becomes the goal of care. 3, 4 Healthcare providers encounter nonhealing wounds in varied settings-acute inpatient, outpatient, long-term, and home care. For instance, in the home care setting, a study of 383 patients enrolled in hospice found that 35% had skin ulcers and wounds. 3 Half of those affected had pressure ulcers, 20% had ischemic ulcers, and 30% had other skin disorders such as stasis ulcers, burns, skin tears, and tumors. A larger study, also in hospice patients, found that 26% had pressure ulcers and 10% more developed them within 6 months.
Maximizing wound care provides comfort, relieves suffering, and promotes quality of life. 3, 7 To achieve these goals, clinicians must be familiar with strategies to manage complications associated with nonhealing wounds such as pain, malodor, and psychosocial adverse effects. Of these complications, malodor has been pointed out by both patients and caregivers as the most distressing. 8 This article focuses on wound malodor, discusses the processes that cause wounds to emit an offensive smell, and outlines a comprehensive management approach.
■ MRS. A., AGE 61, WITH STAGE IV BREAST CANCER
Mrs. A., 61 years old, had a fungating mass in her left breast, which began as a small nodule and progressively enlarged to deform her breast over several months. Her oncologist subsequently staged the extent of her cancer as stage IV after workup revealed lung metastasis. Mrs. A. and her family decided to forgo cancer treatment, including radiotherapy, and to transition to hospice care after discussions with the oncologist. Mrs. A. lived at home with her husband. Her daughter and three grandchildren all lived nearby.
When her hospice physician arrived at her home to meet her, a strong, pungent, and nauseating smell greeted him as he entered her bedroom. The patient said that for the past few months she had been increasingly distressed by the revolting odor. She rarely left home and had been ashamed to have people visit her, including her family.
On examination, the physician noticed a large fungating mass with yellowish discharge and necrotic tissue in her left breast. In addition to mild pain, she was immensely bothered by the strong odor coming from her breast.
■ THE IMPACT OF MALODOR
As seen in the case of Mrs. A., malodor has grave effects, both physical and psychological. Patients experience impaired or socially unacceptable body image, social rejection, personal shame, and embarrassment. 9, 10 Feelings of fear, anxiety, and depression are common. If left uncontrolled, malodor results in social isolation, reluctance to engage in social activities, diminished appetite, and nausea. In addition, malodor is a constant reminder of patients' pain and cancer, and it results in further suffering.
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Reactions of family members and caregivers can worsen the situation.
9,12 Expressions of revulsion limit contact and inhibit intimacy, especially near the end of life. Caregivers are often frustrated and distressed over their inability to control the malodor. The environment becomes uninhabitable, and the malodor can permeate clothing, furniture, and living quarters.
Managing malodor can be emotionally draining, physically daunting, and frustrating for healthcare professionals, as several methods are usually employed, often in a trial-anderror approach, to achieve an acceptable degree of odor control. In addition, clinicians must face the challenge of treating malodorous wounds at very close distance without reacting in a way that offends or alarms patients and family members. All wounds can produce an odor. 14 Wounds that are expected to heal typically emit a faint but not unpleasant odor, akin to fresh blood. Wounds colonized by Pseudomonas aeruginosa produce a fruity or grapelike odor that is tolerable. Malodor occurs with wounds infected by other gram-negative organisms or anaerobic bacteria. 15 Similarly, wounds covered by necrotic tissue smell like decaying flesh.
Three major causes
The three major causes of wound malodor are slough, infection, and exudate (Figure 1) .
Slough is dead or necrotic tissue, usually resulting from vascular compromise. Arterial ulcers, pressure ulcers, and malignant wounds all form slough from capillary occlusion, subsequent ischemia, and tissue necrosis.
Infection. Devitalized tissue, an ideal medium in which bacteria thrive, becomes the source of infection. Anaerobic bacteria are usually implicated in malodor. These include Bacteroides fragilis, Bacteroides prevotella, Clostridium perfringens, and Fusobacterium nucleatum. 16, 17 Anaerobic organisms produce
The three major causes of wound malodor are slough, infection, and exudate SAMALA AND DAVIS putrescine and cadaverine, which are largely responsible for the offensive odor. 16, 18 Volatile fatty acids such as propionic, butyric, isovaleric, and valeric acid are formed from lipid catabolism by anaerobes and add to malodor. 17 Aerobic bacteria such as Proteus, Klebsiella, and Pseudomonas species supercolonize necrotic tissue as well and contribute to malodor. 17, 18 Exudate. Since nonhealing wounds undergo repeated cycles of inflammation, infection, and necrosis, accumulation of exudate becomes inevitable. Exudate typically is a pus-like fluid containing serum, fibrin, and white blood cells, which leak from blood vessels. In addition, bacteria that colonize chronic wounds filled with necrotic tissue activate proteases that de-
Causes of wound malodor
Wounds that can give rise to malodor include pressure ulcers, arterial ulcers, venous ulcers, and fungating tumors Necrotic tissue and slough become a substrate for infection.
Infection. Anaerobic bacteria such as Bacteroides fragilis, Bacteroides prevotella, Clostridium perfringens, and Fusobacterium nucleatum produce putrescine and cadaverine, which are responsible for most of the odor. Other organisms and chemicals contribute.
Exudates accumulate in tissue that undergoes repeated cycles of inflammation, infection, and necrosis.
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FIGURE 1
grade and liquefy dead tissue, thereby forming extensive amounts of exudate. 19 Apart from slough, infection, and exudate, poor general hygiene and dressings left on for too long may contribute to malodor. 16 Moisture-retentive dressings such as hydrocolloids leave an odor after removal. Dressings that liquefy upon contact with the wound surface leave a pus-like, potentially malodorous material.
■ MALODOR ASSESSMENT: DO YOU SMELL SOMETHING?
Various ways to document wound malodor can prove useful in guiding assessment and treatment. Descriptions such as "foul," "putrid," "fishy," or "filled the room" vividly portray the initial presentation. A 10-point numerical scale similar to a numerical pain scale or a visual analogue scale can be used as a subjective measure.
Other grading methods, which to the authors' knowledge are not validated, may be helpful. In a study that focused on patients suffering from malodorous gynecologic malignancies, von Gruenigen et al 20 used a 0-to-3 scale:
• 0 Absent • 1 Not offensive • 2 Offensive but tolerable • 3 Offensive and intolerable.
A scale often adapted by other authors was devised by Baker and Haig, 21 which clearly defines four classes:
• 1 Strong-odor is evident upon entering the room (6 to 10 feet from the patient) with the dressing intact • 2 Moderate-odor is evident upon entering the room with dressing removed • 3 Slight-odor is evident at close proximity to the patient when the dressing is removed • 4 No odor-no odor is evident, even at the patient's bedside with the dressing removed.
■ COMPREHENSIVE MANAGEMENT: HOW DO WE WIN THE 'RACE'?
The acronym RACE outlines an approach to dealing with malodor. It stands for removal of necrotic tissue; antibacterials; odor concealers; and education and support ( Table 1) .
Remove necrotic tissue
An important step in eliminating malodor is to remove necrotic tissue. This starts with debridement, which decreases the incidence of infection and hastens wound closure. 22, 23 Table  2 compares the different types of debridement.
Sharp or surgical debridement involves the use of a scalpel or scissors. This type of debridement may increase the risk of bleeding, pain, and malignant cell seeding in fungating wounds. 4, 24 Enzymatic debridement employs chemicals with proteolytic action (eg, collagenase) to digest extracellular proteins in wounds. 18, 25 Mechanical debridement involves aggressive therapies such as forceful irrigation and Biological debridement using maggots, which ingest bacteria and devitalized tissue, may cause increased wound bleeding and may be unacceptable for patients and families. 24, 27 Autolytic debridement is often recommended, particularly if complete healing is not the primary goal. 17, 24, 28, 29 Autolysis uses proteolytic enzymes and phagocytic cells present in the wound bed and wound fluid to clear devitalized tissue. It is easy, inexpensive, noninvasive, and painless, 4 and it requires less frequent dressing changes relative to standard dressing or wet-to-dry dressing.
Autolytic debridement is commonly accomplished using hydrocolloid and hydrogel dressings. 15, 29 Hydrocolloids are adhesive, occlusive, and conformable dressings that are suitable for wounds with low to moderate amounts of exudate. Upon contact with the wound surface, the dressing absorbs the exudate, forms a gel layer, and maintains a moist environment. Hydrocolloids are not recommended for infected wounds or for those with copious exudate as they may lead to maceration around the wound. A disadvantage of hydrocolloid dressings is their tendency to generate brown, often malodorous exudate when removed.
On the other hand, hydrogels in amorphous gel, dressing, sheet, or impregnated gauze form are water-based products that create a moist environment similar to hydrocolloids. Aside from causing minimal trauma to the wound bed when removed, the dressing's cooling effect may bring some pain relief. Hydrogels are appropriate for dry wounds and for those with minimal exudate.
After debridement, the wound is cleansed and irrigated. A number of cleansers and solutions are available, but normal saline is a cheap alternative. To irrigate, experts recommend an 18-or 20-gauge intravenous catheter attached to a 30-or 60-mL syringe. 15 This technique provides 8 to 15 psi of pressure, enough to cleanse the wound without causing tissue trauma.
Antibacterials and absorption
Antibacterials. Topical antibiotics have several advantages over systemic antibiotics in treating chronic wounds. 30, 31 These include a high and sustained concentration of the antimicrobial at the site of infection, limited potential for systemic absorption and toxicity, reduced potential for antibiotic resistance, and drawing of the patient's and caregiver's attention to the wound. Metronidazole is the most widely used topical antibacterial for malodor management. Its efficacy is likely due to the predominant involvement of anaerobic bacteria in foul-smelling wounds. Topical metronidazole is available as a gel and as a cream. A systematic review showed that on average, topical metronidazole was used once daily for 14 consecutive days. 19 The layer of topical metronidazole is typically covered with a nonadherent primary dressing followed by an absorbent secondary dressing.
The best clinical evidence for topical metronidazole consists of case reports and series. [32] [33] [34] [35] The largest of these studies was done by Finlay et al, who treated 47 patients with malodorous benign and malignant cutaneous wounds with 0.75% metronidazole gel daily. 32 Forty-five (96%) of the patients reported significantly decreased odor by 14 days, as well as decreased pain, discharge, and surrounding cellulitis.
A randomized, placebo-controlled trial conducted by Bale et al had equivocal findings. 9 All 41 patients who received metronidazole gel reported a decrease in malodor within 3 days of starting it. However, 76% of patients who received placebo also reported malodor control; in the final analysis, no significant difference was noted in the success rate between the two groups.
Metronidazole tablets can be crushed and sprinkled over the wound. As with metronidazole gel or cream, the crushed tablets are applied daily and covered by a primary nonadherent dressing and an absorbent secondary dressing. This off-label use of metronidazole serves as a cheaper alternative to commercially available topical preparations. To our knowledge, there has been no head-to-head trial comparing the two topical strategies.
Systemic metronidazole, often given orally, has been recommended if evidence of deep tissue or systemic infection is noted 15 and in cases of fungating wounds with fistulas invading either the gastrointestinal or genitourinary tracts. 18 Side effects such as nausea, neuropa-
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thy, and alcohol intolerance (ie, disulfiram reaction) may occur, which are not seen with topical metronidazole. Both topical and systemic metronidazole can be used together on a time-limited basis for extensive malodorous wounds, such as fungating malignant wounds or stage IV sacral pressure ulcers.
Other antimicrobial agents used to treat malodor include silver-containing products, iodine-containing topical agents, mupirocin, bacitracin, neomycin, and polymyxin B.
Honey was used for wound care by the ancient Egyptians, and it is still used. 36 Its beneficial effects include antimicrobial, debriding, deodorizing, anti-inflammatory, and granulation tissue-stimulating. Honey has even been shown to significantly decrease skin colonization with various kinds of bacteria, including methicillin-resistant Staphylococcus aureus. 37 Medical-grade honey is preferred over table honey, as the latter is nonsterile and can contain Clostridium spores, which contaminate the wound.
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Yogurt and buttermilk lower the pH of the wound and control bacterial proliferation to control malodor. 39, 40 Either is applied for 10 to 15 minutes after the wound is cleansed and is then washed off thoroughly.
Absorbent dressings are used either over a layer of topical metronidazole and a nonadherent primary dressing or as a primary dressing itself. An absorbent dressing containing activated charcoal is used for rapid improvement, although cost may be prohibitive, especially in developing countries. 13, 19 Another type of absorbent dressing, composed of polyester impregnated with sodium chloride, has been found to be useful in malodor control. 41 An important pointer is to maintain a tight seal around the absorbent dressing to prevent leakage of exudate.
Concealers
Aromatics used to conceal malodor include scented candles, incense, fragrant flowers and plants, and air-freshener sprays. When circumstances allow, candles are good options since they conceal malodor by emitting fragrance, and the flame burns off foul-smelling chemicals. Aromatics such as coffee beans, vanilla beans, and cider vinegar can be placed in a pan and left under the patient's bed or close to it. Drops of peppermint oil or oil of wintergreen can be placed on wound dressings.
Other odor concealers are adsorbent materials that attract and cause ions and molecules to adhere to their surface. Examples are charcoal, baking soda, and cat litter. As with other aromatics, these materials are placed in pans and left under the bed or near the patient.
Aromatics can have disadvantages, as certain scents, especially strong ones, can be nauseating for patients. Some fragrances trigger asthma or skin irritation. Patients and caregivers can be left with an unpleasant association of certain fragrances with malodor by conditioning. 15, 17, 18 Education and support Concerns of the patient and family members need to be heard, addressed promptly, and reassessed with each visit, since uncontrolled malodor can be a chief source of caregiver fatigue.
Foremost in formulating a patient-and family-centered malodor management strategy is to commit to controlling malodor as much as possible. Regular follow-up appointments should be made, whether in the office or at home, to check on the patient's progress and address new and ongoing concerns. Symptoms accompanying malodor, such as pain, bleeding, and sleep disturbance, need to be addressed, as they all affect quality of life. 1 Audience-appropriate educational materials should be made available. 26 Online resources that patients and families can explore include the websites of the Wound Ostomy and Continence Nurses Society (www.wocn.org) and the Association for the Advancement of Wound Care (aawconline.org).
Healthcare professionals need to be prepared to deal with problems and complications involving patients and family members that may arise in the course of treatment. 12 Problems include the cost and local unavailability of dressing supplies, insurance coverage for dressings and topical agents, lack of assistance at home, and fear of changing dressings. A cardinal rule for healthcare providers is to avoid expressing distress at odors in front of or within hearing of patients and families. Curcumin, the main biologically active compound in the herb turmeric, applied directly to wounds three times daily as an ointment, has been shown to have odor-controlling properties.
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Sugar paste has been reported to control malodor by drawing out exudative and tissue fluid osmotically, and inhibiting bacterial growth. 16, 17 Water is mixed with sugar (ie, granulated, caster, or powdered) to form a paste, with additives like glycerin and polyethylene glycol used to alter the consistency. Thick clay-like paste is good for wounds with large cavities, while thin paste is useful for wounds with small or superficial openings. The paste is applied twice daily and is covered by an absorbent dressing.
Pressure relief is vital in managing pressure ulcers. 18, 43 Repositioning every 2 hours and using special devices, such as mattress overlays, alternating pressure mattresses, and low air loss mattresses, are frequently employed techniques.
If circumstances permit and when congruent with the patient's goals of care, intraarterial chemotherapy and radiotherapy can be contemplated for malignant fungating wounds. 44, 45 Other strategies include opening the windows during dressing changes, increasing the frequency of dressing changes, promptly removing used dressings from the house, and ensuring good general hygiene.
■ CASE RESOLUTION
After telling her that he was committed to control the malodor or, if possible, eliminate it, Mrs. A.'s doctor prepared two lists of materials-one for himself and one for Mrs. A.'s husband. He returned the next day, brought out his supplies, asked Mrs. A. to lie in bed, and invited her husband to assist him.
He cleansed and irrigated the breast lesion with normal saline, making sure to remove as much dead tissue as he could. He applied a layer of metronidazole cream to the wound cavity, then covered it with a nonadherent dressing. He then covered the wound with gauze, sealed the edges with medical adhesive tape, and applied a few drops of oil of wintergreen to the surface. A pan of charcoal briquettes was put under the bed, and a candle with Mrs. A.'s favorite scent was lit by the bedside. The physician then instructed Mrs. A.'s husband to repeat the procedure once daily for 1 week.
After 2 weeks, Mrs. A. and her husband said the foul odor had greatly decreased. She appeared more cheerful and energetic, especially after her grandchildren visited a few days earlier. The physician then instructed the husband to stop using metronidazole cream and to apply a hydrocolloid dressing every 3 days instead. He advised them to continue the rest of the process of applying a few drops of oil of wintergreen on the dressing surface, placing a pan of charcoal briquettes under the bed, and lighting a scented candle by the bedside.
■ FINISH THE RACE!
Complex nonhealing wounds are encountered across various healthcare settings. Wound malodor is an important component of nonhealing wounds, which adversely affects patients, families, and healthcare providers. Infection, slough, and exudate are the major causes of wound malodor. The essential steps to reduce malodor are to remove necrotic tissue, use antibacterial and odor-absorbing agents, apply appropriate odor "concealers," educate families, and formulate a patient-and family-centered strategy ( Table 1 
